INTRODUCTION
The evaluation of marine macroalgal diversity of Apulia (southeastern Italy) is particularly interesting due to the vast coastline of this region (994.6 km, including the Tremiti Islands) and its geographical position, acting as a bridge between the east and the west of the Mediterranean basin. An inventory of the Apulian macroalgal flora, based on the available literature, was published more than ten years ago by Cormaci & al. (2001) and reported 616 taxa at specific and infraspecific level (37 species inquirendae included), representing about the 65% of the entire Italian flora . The Apulian flora of the Adriatic side resulted to be richer than the Ionian one (569 vs. 450 species). These dissimilarities, probably due to different coastline extents (~600 vs. 230 km), also definitely reflect the scarce floristic surveys carried out on the Ionian shores, with several large areas, such as the eastern Ionian side, still remaining poorly explored (Cormaci & al., 2001) . Afterwards, very few floristic papers on the Apulian coasts were published (Bottalico & Delle Foglie, 2003; Cecere & al., 2005) . New records were occasionally reported Bottalico & al., 2006) and three new species were described: Parviphycus felicinii C. Perrone & C.I. Delle Foglie , Parviphycus albertanoae A. Bottalico & al. and no attempts to inventory macroalgal diversity, with the exception of Grotta delle Viole (Tremiti Islands, Adriatic Sea) (Pignatti & al., 1967) , were made. In order to contribute to the basic knowledge of the phytobenthos of these poorly-known habitats, the benthic algal flora of three semi-submerged marine caves of the area was also studied.
Thus the present inventory also represents an initial reference that may be useful to the sustainable management of the future marine protected area, as well as a solid framework and a starting point to understand the current status and possible future changes in biodiversity that could hereafter occur on the medium and long term.
MATERIAL AND METHODS

Description of study area
The "Peninsula Salentina", described as the "heel" of the Italian "boot", represents the easternmost area of Italy, stretching between the Gulf of Taranto and the Otranto Channel. The western coastline is entirely bordered by the Ionian Sea, whereas the eastern one by the Adriatic Sea up to the Capo d'Otranto and the Ionian Sea up to the Capo Santa Maria di Leuca. By convention, the Strait of Otranto represents the boundary between the Adriatic and the Ionian seas. Santa Cesarea Terme is at 6 km south of the Capo d'Otranto and is located on a cliff opposite the Otranto Channel; Castro is located approximately at 8 km south of Santa Cesarea Terme. The investigated coastline is characterised by rocky cliffs of Cretaceous limestone exposed to intense hydrodinamism and occasionally interspersed with short tracts of sandy bottom. The coastline is dominated by a steep slope extending from approximately +120 m to approximately −50 m. The continental shelf of the Italian coasts notoriously reaches its maximum slope in this area, with the 50 m isobath very near the coast. The coastal landscape is also marked by several sea caves, three of which were investigated in the present study: Grotta Grande and Grotta Solfatara at Santa Cesarea Terme, Grotta Palombara at Castro. Grotta Grande (or Sulfurea) (40°2'11" N, 18°27'50" E) is one of the four karstic caves of Santa Cesarea Terme, all characterized by sulphur springs, consisting of a semisubmerged elliptical cavity (length 103 m, maximum depth 1.5 m) with a gentle sloping rocky bed. Grotta Solfatara (40°2'4" N, 18°27'36" E) has a large entrance about 10 m wide and 5 m high, and it is characterized by dense and lactescent waters when high flow periods of the sulphur spring occur, during which the visibility is heavily impacted. Grotta Palombara ("Palummara" or "Picciunara" in reference to the pigeons nesting in the crevices of its stone walls) (40°0'17" N, 18°25'51" E), is a marine cave located at the intersection of two major faults. The huge cavity (length 76 m, width 18 m) has high vaults (height 30 m) that slope abruptly to a 10 m deep flat bed; the cave is characterised by very low light levels due to its narrow entrance.
Sampling procedure
The field work was performed along an approximately 9.5 km long coastline strip. The sampling covered all seasons, from September 2012 to August 2013, and from April 2013 to February 2014; with this schedule, it was possible to collect species with different life strategies. Samples were collected by SCUBA along 7 transects arrayed perpendicularly to the coastline (5 at Santa Cesarea Terme and 2 at Castro) (Fig. 1, Table 1 ) from the midlittoral zone to a maximum depth of 30 m, for a total of 216 samples (55 in spring, 57 in summer, 54 in autumn, and 50 in winter).
The sampling inside the caves (Fig. 1 ) was carried out in the same periods and samples were collected randomly from the entrance up to approximately 10 m inwards each cave. Sample collection both into the caves and on open coast was made by hand or with a chisel in order to remove basal portions, encrusting algae or mat-forming algae, attempting to gather as many species as possible by sampling different microhabitats. Fresh material was observed under a Leica MZ 7.5 steromicroscope (Leica, Wetzlar, Germany). Sections of thalli were obtained by hand or, if necessary, with a DSK-1000 vibratome (Dosaka, Kyoto, Japan) and properly stained. Photomicrographs and measurements were made using an Olympus BX-40 light microscope (Olympus, Melville, USA) fitted with a Nikon Coolpix 990 digital camera (Nikon, Tokyo, Japan). The collected material was preserved in 4% buffered formalin/seawater and/or prepared as herbarium specimens. The most interesting exsiccata were deposited in the Herbarium Horti Botanici Barensis (BI, Italy). Herbarium abbreviation follows Thiers (2014) . For nomenclature purposes, the following taxonomic databases were used: Index Nominum Algarum (Silva, 2014) and AlgaeBase (Guiry & Guiry, 2014) . After sorting, macroalgal taxa were identified according to the methodology of Cormaci & al. (2004) . In the floristic list (Table 2) for each species sampling stations, bathimetric distribution and phytogeographic elements (according to were given.
RESULTS
We identified 174 taxa (later referred to as "species" for convenience) comprising 119 Rhodophyta (68.4%), 27 Ochrophyta (15.5%), and 28 Chlorophyta (16.1%) ( Table 2 ). With regards to the macroalgae collected in the caves, 31 species (27 Rhodophyta and 4 Chlorophyta) were recorded, all falling within the whole floristic contingent of the investigated coastline (Table 2 ). In particular, the flora of Grotta Grande comprised 18 species, all belonging to Rhodophyta; in the Grotta Solfatara were recorded 17 species (15 Rhodophyta and 2 Chlorophyta); the flora of Grotta Palombara comprised 15 species (11 Rhodophyta and 4 Chlorophyta).
The three taxa identified at generic level were also interesting and will be put through further deeper investigations: the first is a species of Laurencia J.V. Lamour. erroneously reported in past collections as Laurencia majuscula (Harvey) A.H.S. Lucas (Lazzo & al., 2002; Bottalico & al., 2011) ; the second is a diminuitive species belonging to a species of Gelidium J.V. Lamour. probably new to the Mediterranean region (unpublished data); the third one belongs to Parviphycus Santel.
From a biogeographic point of view, the flora of Santa Cesarea Terme-Castro was characterised by a high incidence of Atlantic elements (42.94%), followed by Cosmopolitan (31.76%) and Mediterranean elements (11.18%). A lower incidence was shown by the Circumtropical (7.06%), the Indo-Pacific (5.88%) and the Circumboreal (1.18%) elements (Table 2) . This spectrum is different from that one recently calculated by for the Italian flora, mainly for the Mediterranean (11.18 vs. 25 .74%) and Cosmopolitan elements (31.76 vs. 21.51%). On the contrary, the Indo-Pacific and Circumtropical elements globally considered, have a percentage value (12.94%) much higher than that reported for both the Apulian floristic contingent (8.8%) (Cormaci & al., 2001 ) and the entire Italian flora (9.09%) , but very similar to that of floras of the eastern Ionian Sea (12.50%). Of the 33 species alien to the Mediterranean Sea and occurring along the Italian coast (Occhipinti-Ambrogi & al., 2011) , only two were found at Santa Cesarea Terme-Castro: Acrothamnion preissii (Sond.) E.M. Woll. and Hypnea spinella (C. Agardh) Kütz. No alien species occurred in the caves. Of the 174 taxa, the following records are noteworthy and interesting from a phytogeographic point of view:
Acrothamnion preissii (Sond.) E.M. Woll.
Vegetative thalli (Fig. 2a) , showing characteristic apical gland cells (Fig. 2b) , and tetrasporic thalli (Fig. 2c) were collected at both Santa Cesarea Terme and Castro. Our specimens are in good agreement with both Australian (Womersley, 1998) and Italian specimens from Leghorn (Cinelli & Sartoni, 1969) . This species is considered as particularly invasive in the central Tyrrhenian Sea (Klein & Verlaque, 2011) and has already colonised many parts of the western Mediterranean basin (Boillot & al., 1982; Ferrer & al., 1994; Piazzi & al., 1996) after its arrival near Leghorn (Tuscany, Italy) (Cinelli & Sartoni, 1969) . More recently it was reported from the Croatian coast (Žuljevic & al., 2009) and Sicily . The Apulian record extends its distribution area to the eastern Ionian Sea.
Asparagopsis taxiformis (Delile) Trevis.
Falkenbergia tetrasporophyte stages of Asparagopsis spp. with the classical pompom-like morphology were found in almost all the sampling sites of Santa Cesarea Terme (with the exception of Contrada Malepasso), either free floating or as epiphyte. Two species, A. armata Harvey and A. taxiformis, are currently reported from the Mediterranean Sea, but to date gametophytes have never been collected in Apulia, where only the Falkenbergia phase, arbitrarily attributed to A. armata occurs (Cormaci & al., 2001 ). In the past, tetrasporophyte identification was based only on inference from the presence of the respective gametophytes or by DNA sequencing (Andreakis & al., 2004; Ní Chualaín & al., 2004) , but in a recent paper, Zanolla & al. (2014) proposed a set of useful diagnostic characters to discriminate them. A combination of tetrasporophyte morphological characters observed in our specimens allowed us to assign them to A. taxiformis which is a new record for Apulia and features an invasive behaviour at Santa Cesarea Terme.
Liagora distenta (Mert. ex Roth) J.V. Lamour.
Three species of the genus Liagora, L. viscida (Forssk.) C. Agardh (Fig. 2d) , L. ceranoides (Fig. 2e) , and L. distenta (Fig.  2f) , were collected in the late spring and summer at Archi (Santa Cesarea Terme). They were easily distinguished based on vegetative and reproductive characters (Kvaternik & Afonso-Carrillo, 1995; Lin & al., 2013) . Male and female thalli of L. distenta were collected in sheltered places from the surface down to −10 m. Thalli, up to 20 cm high, were greenish white, with pink to red extremities and numerous adventitious branches. The morphology of the assimilatory filaments, with cells becoming shorter and broader upwards, and ending in pyriform cells (Fig. 3a) , was a consistent feature in all the examined plants. Spermatangia occurred on small spermatangial mother cells formed on the terminal cells of the assimilatory filaments (Fig. 3b) . The carpogonial branch is borne on the inner part of the assimilatory filaments (Fig. 3c) . This species was previously recorded from Campania, Sardinia, Sicily (Furnari & al., 2003) and Tuscany (Rindi & al., 2002) ; the present record extends its distribution area to the eastern Italian coast. It is well known, however, that Ardissone (1883) had already reported both L. ceranoides and L. distenta from the Dalmatian coast of the Adriatic Sea.
Liagora ceranoides J.V. Lamour.
Moderately calcified fertile thalli, pink coloured with darker tips, up to 50 mm high, were collected in spring and summer. The following features were useful for species identification: i) morphology of cortical assimilatory filaments composed of oval cells becoming gradually shorter and slender (Fig. 3d) ; ii) abundant rhizoidal filaments produced from the basal cells of the assimilatory filaments (Fig. 3d) ; iii) structure and position of carpogonial branches (Fig. 3e) , and iv) carposporophytes (Fig. 3f) , showing compact gonimoblasts and long loosely arranged involucral filaments when mature (Fig. 3g) . Our finding represents a new record to the Italian algal flora. In the Mediterranean Sea, L. ceranoides was previously recorded only from the Balearic Islands (Ribera-Siguán & Gómez Garreta, 1984) and Greece (Gerloff & Geissler, 1974 ), yet the Greek records require confirmation (Athanasiadis, 1987) .
Pseudobryopsis myura (J. Agardh) Berthold ex Oltm.
Plants were collected at a depth of approximately 2 m in sheltered places. Thalli forming scattered feathery tufts bore typical gametangia, separated from the supporting branches by a plug and with one apical papilla (Fig. 4a) . This species was previously reported from Campania, Sicily, Veneto (Furnari & al., 2003) and Tuscany (Rindi & al., 2002) .
Female plants were collected at three sites from Santa Cesarea Terme; thalli were moderately to heavily calcified on both surfaces; hair lines alternating between lower and upper surfaces were unequally spaced (Fig. 4b) . Sections taken at the middle and basal portions showed a thallus composed of a mixture of 2-3 cell layers (Fig. 4c) , a distinctive feature from P. pavonica (L.) Thivy. The oogonial sori were covered with an obvious indusium (Fig. 4d) . Plants of this species were initially assigned to P. pavonica; accurate observations in the light of the recent paper on new Mediterranean Padina species (Ni-Ni-Win & al., 2011) confirmed that several of our specimens belong to the new taxon. According to Catra & Alongi (2013) , it is very likely that P. ditristromatica may have a wider distribution in the Mediterranean Sea, because of possible misidentifications between the two species.
DISCUSSION
The present study documented approximately a 30% of the species previously recorded for the Apulian region. A comparison of the number of species collected during the current survey with the corresponding numbers for other Apulian localities indicates that the macroflora of Santa Cesarea Terme and Castro is relatively rich if the limited extent (approximately 9.5 km) of the investigated area is considered. All the species recorded in the past from Santa Cesarea Terme (Huvé & al., 1963; Lazzo & al., 2002; Bottalico & al., 2011) were collected during this survey, with the only exception of Cystoseira barbata (Stackh.) C. Agardh and 25 records were new to this locality; 56 records from Castro were all new to that coastline. Six species, previously reported from very restricted Apulian areas, represent the second record for the region, such as Acrosymphyton purpuriferum (J. Agardh) G. Sjöstedt that many years ago was collected only at the Tremiti Islands (Pignatti & al., 1967; Rizzi Longo, 1972) , but it has no longer been found in the same locality . Twelve records are new to the Apulian Ionian coast, being previously reported only from the Adriatic side (Cormaci & al., 2001) , 6 species are exclusive to the Ionian Sea and 149 species are shared by both seas. Only in one site of the investigated coastline the infralittoral fringe community with Cystoseira amentacea var. stricta Mont. occurred; endemic to the Mediterranean Sea and typical of high hydrodynamic conditions it is recognised as an absolutely protected species by Annex I of the Bern Convention (1979) and as a species of Community Interest in Annex V of Council Directive 92/43/EEC. Taking into account the loss of Cystoseira communities all over the Mediterranean basin (Pergent, 1991; Rodriguez-Prieto & Polo, 1996; Cormaci & Furnari, 1999; Thibaut & al., 2005; Mangialajo & al., 2008; Falace & al., 2010) and the possible decrease of the presence of this species, which is very sensitive to changes in water quality (Pinedo & al., 2007; Mangialajo & al., 2008) , an analysis of spatial and temporal variations of our population would be needed. The occurrence along the investigated coastline of two alien species (Acrothamnion preissii and Hypnea spinella) has not proved yet to impact negatively the indigenous flora; in fact, none of these species is characterised by invading behaviour so far, even though continuous monitoring seems to be necessary.
The floras of the two caves of Santa Cesarea Terme, Grotta Grande and Grotta Solfatara, were different from that of Grotta Palombara at Castro. This could be explained by the peculiar characteristics of the first two caves (i.e., very low light conditions, the presence of suspended sulphureous material, which strongly reduces water transparency, and the unusual chemical composition of the seawater), which favour the predominance of red algae, primarily Corallinales.
The R/P index (Rhodophyceae/Phaeophyceae) (Feldmann, 1937) of the surveyed coastal area (4.44) is higher than that determined for the Apulian (3.25) (Cormaci & al., 2001 ) and the Italian marine floras (2.50) . On the other hand, it is very close to the values reported from other areas of the Ionian Sea: 4.39 for the Gulf of Taranto (Bottalico & Delle Foglie, 2003) , 4.0 for Zakynthos Island (Tsirika & Haritonidis, 2005) , and 4.1 for the Ionian versant of Apulia (Cormaci & al., 2001) . Even higher R/P values were calculated for other Apulian localities, such as the Gargano promontory (5.1) (Cecere & al., 2000) and Porto Cesareo (6.29) (Cecere & al., 2005) and they were considered to reflect environmental perturbations. As comparable unstable conditions do not occur along the coastline from Santa Cesarea Terme to Castro, its high R/P ratio could actually represent evidence of an ongoing tropicalisation process. This concept was previously expressed by Lazzo & al. (2002) and reported by Falace & al. (2010) , even if in the latter paper the coast of Santa Cesarea Terme was erroneously placed in the South Adriatic Sea. Even R/P values detected as low along the Greek coasts in the past (Tsekos & Haritonidis, 1977) , because of the predominance of brown algae, have been found higher and approximately to 4.0 in more recent works (Tsirika & Haritonidis, 2005) . The considerable occurrence of Indo-Pacific and Circumtropical elements in the chorological spectrum of the flora of the Ionian eastern coastline of the Peninsula Salentina, with percentage values much higher than those of the Apulian (Cormaci & al., 2001) and Italian floristic contingent, emphasises the affinities with floras of the eastern Ionian Sea. On the other hand, both the Ionian Sea and the southern Aegean Sea are considered as a wide refuge area for Circumtropical and Indo-Pacific species (Giaccone & Geraci, 1989) .
Generally, the marine flora of the surveyed coastline has the following principal characteristics: i) extensive communities of Corallinales, especially in the two sulphureous caves, that are ecologically significant, allowing colonisation by many invertebrates and promoting an increasing biodiversity through the construction of coralligenous habitats; ii) limited presence of species with a wide ecological valence; iii) occurrence of a restricted belt of the protected species Cystoseira amentacea var. stricta, supporting a rich associated flora, which would need to be carefully monitored over time.
Despite the presence of human-driven transformation, primarily associated with services and accommodation structures, this coastline maintains a good ecological status and may represent an example of almost-intact ecosystem and an ideal reference area for comparison with areas having higher levels of pollution.
